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INTRODUCTION

More than 300 enzymes require the presence of
zinc ion in order to exert its metabalic adivities. Among
these enzymes, we can highlight the mung bean nuclease,
an endoruclease that contains 334 residues of amino adds
(MM = 39.000 Da), three S-S bridges and a sulfhydryl
group. This enzyme promotes the clearage of singe and
double stranded DNA and RNA moleculesin 120s. The
impressve atalytic power of this enzyme demands both
medhanistic analysis and quantitative description. In this
work, several voltammetric techniques were used to
investigate the mechanism of DNA cleavage cdalyzed by
mung bean nuclease. Initialy, the interadion of zinc with
a natural DNA (DNA of the lambda baderiophage virus)
and with three synthetic models of DNA (single and
double stranded digodeoxyribonucleotides) was gudied
by differentiadl pulse podarography (DPP), cyclic
voltammetry (CV) and anodic stripping wltammetry
(ASV). The second stage of our work was dedicaed to
the study of the interadion of the Zn?* ion with mung
bean nuclease by ASV and CV.

EXPERIMENTAL

All chemicds were reaggent grade and all
solutions were prepared with triply distill ed water from a
quartz still (Quartex). DPPand ASV measurements were
caried out on a 646 Metrohm Voltammetric Analyzer
Procesor conneded to a 647 Metrohm eledrochemicd
cdl composed of a DME or HMDE (WE), an Ag/AgCl
(KCl 3.0 mol L) eledrode (RE) and a platinum eledrode
(AE). CV measurements were performed using a PAR
173 Potentiostat/Galvanostat or a PAR 174 pdarographic
system connected to a PAR 175 Universal Programmer
and a Houston X-Y rearder. A three éedrode system
with a HMDE (Metrohm) as working electrode, a
reference dedrode (Ag/AQCI or a SCE) and a Pt wire as
the auxiliary electrode were used. Prior to voltammetric
measurements, DNA and enzyme samples were
exhaustive dialyzed against 0.01 mol L™* EDTA and then
further dialyzed against quartex water. The concentration
of DNA and enzyme samples were determined by UV
measurements at 260 and 280 nm. The complementary
strands 1 (3ATTAGCTAGCTGCAGCTGCS') and 2
(5'CGATCGACGTCGACGATTAZ) of the double
stranded digo, ead one consisting of 19 mer, were
synthesized by using the phosphoramidite method. The
purity of these strands was charaderized by UV-Vis
spedroscopy and mass pedrometry. The anneding of
strands 1 and 2, which was confirmed by the @nstruction
of denaturing curves, was acomplished by using a
programmable termo-controller.

RESULTS AND DISCUSSON

The formation o a stable cmmplex between Zn®*
and the A phage DNA was verified by using DPP (K4 =
34 x 10" mol L™ and CV (Kq = 6.7 x 10* mol L™)
techniques (1). A stoichiometry rate of 23 Zn* ions,

which have the function of stabili zing the double helix of
the DNA by means of its interadions with the phosphate
groups, per one lambda phage DNA molecule was
determined for the readion. The interadion of zinc with
the oligos ARCS5IIC2 (ACACCCAACGGAGA), 3A0X1
(GCAAATGGCATTCTGACATCC) and PRIAECO
(AAGAATTCGCIAAYCGTGYAAYCCIGCICAA) was
investigated by means of CV with the main purpose of
determining optimal experimental parameters for the
synthesis of a model of double stranded DNA (oligo). The
formation of a stable mmplex between Zn** and the
double stranded digo, with stoichiometry of 2:1, was
evidenced by the deaease of the oxidation current of zinc
with the adition of the oligo to the solution and the
cdculation of K4 (4.7 x 10® mol L"*-ASV and 16 x 10°
mol L-CV) of the readion. Several experimental
evidences demonstrated that these Znc ions interad with
the two terminal phosphate groups (5'), stabilizing the
double helix of the oligo. A stoichiometry rate of 3 Zn**
ions per one mung bean nuclease moleaule was
determined (Kqr = 2.5 x 108 mol L™-ASV and K4 = 2.5 x
10° mol L™-CV). The experiments of cyclic voltammetry,
which were acomplished in three temperatures, till
showed the existence of two types of binding sites of zinc
in the mung bean molecule, which were &tributed to a
mononuclea exposed hinding site of zinc with caalytic
function (Zn2) and to ainacessble dinuclea binding site
of zinc with structural functions (Znl and Zn3). Based on
our experimental data and crystalographic results
obtained for P1 nuclease (2), a mncerted Sy2 mechanism,
which assigns a caalytic function to the Zn2 and
structural functions to Znl and Zn3, was proposed for the
cleavage of a double stranded DNA caalyzed by the
mung bean nuclease. In this mechanism, the hydrolysis of
the phosphodiester bonds proceals with inversion of
configuration at the phosphorus center, i.e. through direc
in line dtack of a H,O molecule, which it is adivated by
ionization by the Zn2, forming a pentacoordinate
transition state, which is dabilized by an arginine. An
aspartic add, which is a ligand o the Zn2, helps to
properly orient the nucleophile for the readion. The ion
Zn2, besides supplying the nucleophile, has the function
of adivating the substrate (oligo) by means of its
coordination to the freeoxygen from the phosphate of the
phosphodiester bond that will be hydrolyzed. The Znl
and Zn3 ions, besides dabili zing the tertiary structure of
the nuclease mung bean, bind to the leaving group during
the deavage readion, impeding that the same reads with
the formed transition state and promotes the reverse
readion. The similarity between Kgy; (Zn2-mung bean)
and K4 (Zn**-oligo complex) values enable us to enrich
the propased hypotheticd model, in the foll owing way: as
the oligo approacies the adive site of the mung bean
nuclease, a displacement of the Zn2 in diredion to the
phosphodiester bond happens during the formation of the
pentacoordinate "transition state’. This displacement
shows that Zn2 is being shared by mung bean and the
oligo, promoting an “yo-yo” effed. Zn2 is displaced in
the diredion to the phosphodiester bond, exerts its
function in the readion as a catalyst and then comes back
to the ative site of mung bean nuclease.
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